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Background: Healthcare technology and quality improvement programs have been identified as a means to
influence healthcare costs and healthcare quality in Canada. This study seeks to identify whether the ability to
implement healthcare technology by a hospital was related to usage of quality improvement programs within the
hospital and whether the culture within a hospital plays a role in the adoption of quality improvement programs.
Methods: A cross-sectional study of Canadian hospitals was conducted in 2010. The sample consisted of hospital
administrators that were selected by provincial review boards. The questionnaire consisted of 3 sections: 20
healthcare technology items, 16 quality improvement program items and 63 culture items.
Results: Rasch model analysis revealed that a hierarchy existed among the healthcare technologies based upon the
difficulty of implementation. The results also showed a significant relationship existed between the ability to
implement healthcare technologies and the number of quality improvement programs adopted. In addition, culture
within a hospital served a mediating role in quality improvement programs adoption.
Conclusions: Healthcare technologies each have different levels of difficulty. As a consequence, hospitals need to
understand their current level of capability before selecting a particular technology in order to assess the level of
resources needed. Further the usage of quality improvement programs is related to the ability to implement
technology and the culture within a hospital.Background
Canadian healthcare has been the subject of significant
discussion from a variety of perspectives. One area
of discussion has focused on the level of spending.
Canada’s healthcare spending in 2010 was estimated to
be $183 billion, which resulted in a per capita expen-
diture of $4,478 [1]. Even being one of the top spenders
among the OECD countries, Canada was ranked only
25th in a comparative study with 33 European nations
[2]. Regardless of where Canada’s healthcare spending falls
relative to other countries, considerable consequences
have been identified for the Canadian healthcare system.
For example, Ontario, one of the Canadian provinces,
is facing a situation in 2015 where about 70% of tax
revenues will be consumed by healthcare costs [3]. The* Correspondence: rajesh-kumar.tyagi@hec.ca
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reproduction in any medium, provided the orimpact of these recent observations was foreshadowed in
an earlier study, which reported that a vast majority of
Canadian hospital executives felt that their financial
situation was insufficient to maintain their current levels
of service [4].
Even though cost is an important issue in the health-
care discussion in Canada, the results of those expen-
ditures, the level of quality, has been a topic of many
debates and comparisons [5]. One important area in the
quality of care discussion that has received attention is
the occurrence of adverse events [6]. Several views
for resolving the cost-quality dilemma confronting the
Canadian healthcare system have been provided. One
perspective for increasing service quality within existing
cost constraints has focused on enhancing innovation,
developing healthcare information technologies and
fostering an appropriate culture [3]. Another approach
focused on the use and implementation of quality im-
provement programs throughout Canada [7]. A commontd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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of managerial or organizational capabilities within hos-
pitals. Indeed it has been pointed out that the under-
lying “performance improvement capability” in hospitals
is a key factor leading to the recognition and adoption
of improvements that lead to higher levels of perfor-
mance [8].
All of the preceding perspectives for improving
Canadian healthcare have been shown to be effective
measures in previous research. The capability to im-
plement healthcare technologies has been shown to
improve performance within hospitals. Healthcare tech-
nologies have been shown to reduce medical errors [9]
and to improve safety [10,11]. In addition to healthcare
technologies, hospitals are enhancing internal processes
by employing quality improvement programs. Some
quality improvement programs have been created
within the health care setting while other quality initia-
tives have come from outside of healthcare from areas
such as manufacturing or service industries [12]. In
general, increasing quality has been shown to improve
operational performance [13]. Specifically, the usage of
improvement programs has been related to various
types of performance within hospitals. Positive relation-
ships have been found relative to efficiency improve-
ment and optimizing quality of care [13], turnover
intention [14], waiting and lead times [15] and safety
[16]. Finally, organizational culture and values have
been shown to impact quality of care and reduce me-
dical errors [17], hospital errors [18] and safety [19].
While individual studies have shown that each of the
preceding variables has been related to improvements
in hospital performance, a literature search revealed
little about understanding the interrelationships among
the variables. That is, even though healthcare technolo-
gies and quality improvement programs arguably have
shown positive relationships to hospital performance, it
is not clear whether there is a relationship between the
ability to implement healthcare technologies and quality
improvement programs. In addition, organizational cul-
ture within hospitals has shown a positive relationship
to hospital performance; however, there is no clear un-
derstanding of how it relates to healthcare technologies
and quality improvement programs within hospitals.
Some research findings have indicated that culture func-
tions as a mediating variable. The mediating nature of
culture has been identified in both healthcare organiza-
tions [20] as well as other types of organizations [21,22].
The purpose of this study is to examine how the cap-
ability to implement healthcare technologies relates to
improvement program usage within Canadian hos-
pitals. Further, we will examine the role of organi-
zational values and culture as a mediating variable
within hospitals.Methods
Procedures and participants
The data for this study was obtained from a self-report
questionnaire sent to individuals in hospitals throughout
Canada. Using the database provided by the Canadian
Health Association for year 2009-2010, a total of 592
hospitals were targeted within the 12 provinces. The
target group in the study focused on decision makers
within hospitals in the mid to upper management levels
such as: the Chief Executive Officer, Chief Medical
Officer, Chief Operating Officer, or director of clinical
quality, which was later modified during the course of
ethics review process. A second mailing was sent out to
gather data from hospitals that did not respond to the
initial mailing. Overall, responses were received from
134 hospitals, resulting in an effective hospital response
rate of 22.6 percent. In comparing the responses from
the first mailing to the second mailing, no statistically
significant differences were observed in the data. The
questionnaire was distributed through HEC in Montreal,
Canada in both English and French versions using the
online survey management platform Unipark, which
assured anonymity of the respondents.
Ethics
The current project was initially approved by the ethics
committee at HEC Montréal, which required complete
anonymity for the respondents. The questionnaire also
had to go through a final ethics approval process at the
local level, which varied by each of the Canadian pro-
vinces. In a centralized structure, for example in Alberta,
the questionnaire was sent to the central authority for
the ethics approval. In a decentralized or region-based
structure, for example in Quebec, the questionnaire was
sent directly to the initially selected individual in the
hospital; however, many of these individual hospitals also
required an additional ethics approval. It should be
noted that in the course of the final ethics approval that
some of the individuals originally selected to be part of
the sample were modified as a result of the ethics
approval process to an individual who was deemed to be
more appropriate relative to the information that was
sought in the questionnaire.
Instrument
The questionnaire used in the study consisted of three
sections. Two of the sections gathered data on the usage
of healthcare technologies (independent variable) and
quality improvement programs (dependent variable),
which were measured using a dichotomous choice
format. The third section consisted of organizational
culture questions using a five point Likert item scale
(mediating variable). The questionnaire consisted of
English and French versions so that an appropriate
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(English speaking versus French speaking individuals),
which was included as a control variable. The full ques-
tionnaire scale and a short description of its development
process are presented in the Appendix A.Rasch model analysis
The initial part of this study utilized Rasch model ana-
lysis (RMA) [23]. RMA is described more generally as a
latent trait analysis. Using this kind of analysis, one tries
to define an underlying factor that cannot be observed
or measured directly from other observable variables.
In this study, RMA will attempt to define technology
implementation, the independent variable in this ana-
lysis [24]. The model construction in this analysis is
detailed in Appendix B.
RMA was utilized in this analysis because of several
noteworthy features that it possesses. First, RMA iden-
tifies whether a hospital’s capacity to adopt healthcare
technology is unidimensional in nature. If it is, then
the independent variable would be interpreted as a un-
derlying technological capability of a hospital. Second,
RMA converts all of the original data into true interval
scale data [25]. Thus, the dichotomous data collected in
the questionnaire are changed into equal units by means
of logarithmic transformation. A third characteristic of
RMA is the requirement of invariance. When invariance
exists, it simply means that the difficulty of healthcare
technology items can be assessed independently of
a hospital’s capability of adopting or implementing
healthcare technologies. If the data fit the Rasch model
requirements, the results are referred to as being sample
independent. Thus, the results of this study would be
applicable to other hospitals that are considered to be
part of the same population even though they were not
part of the present analysis [26,27]. A final feature of
RMA is that it enables the same dataset to both estimate
and test solutions [23,26,27]. Additional technical dis-
cussions on Rasch model analysis can be found in the
general RMA literature [25,28].Mediation analysis
In general, mediation analysis views whether a process
exists that underlies the relationship between an inde-
pendent variable and a dependent variable. That is, a
mediating relationship occurs when another variable
plays some elemental role that influences the relation-
ship between the other two variables. In this study, the
role of organizational culture is examined as a media-
ting factor, which influences the relationship between
the ability to implement technology and the use of im-
provement programs within a hospital.Results
Measurement properties of healthcare technologies
The first aspect of the present analysis examines
whether the Rasch model can be used with the data
from Canadian hospitals in this study. More specifically,
the initial part of the analysis concentrates on whether
the data is consistent with the expectations of the Rasch
model. When the data corresponds with the Rasch
model, it signifies that a fundamental underlying di-
mension exists that is shared by the various healthcare
technologies examined. Winsteps version 3.63.2 [29]
was used to analyze the data.
Linacre [30] proposes a sequential method to deter-
mine the agreement of the data with the prespecified
Rasch requirements. The first step identifies whether
contradictions are present in the latent variable by
means of point measure correlation, rpm. The first as-
pect of the analysis observes if an individual healthcare
technology relates to the latent variable as a whole. This
part of the analysis is concerned principally with the
sign of the correlation instead of the magnitude of the
relationship. Overall, a positive sign would indicate
consistency between an individual healthcare tech-
nology and the latent variable. A negative sign or a value
close to zero would indicate an item that is not consis-
tent with the model. As is shown in Table 1, all of
the healthcare technologies except RFID and Barcode
patients met the first step criteria. Thus, all of the
healthcare technologies with the exception of RFID and
Barcode patients are retained in the model.
The second aspect of the analysis views how much
useful information each individual healthcare technology
contributes to the overall model. In RMA, the variance
that is measured is the difference between the expected
score and the actual data value. When a Rasch model is
able to be constructed, then all systematic variance is
explained in one dimension [30]. RMA uses two statis-
tics, outfit and infit statistics, to assess the variance and
ultimately its contribution to the overall model. The out-
fit statistic views variations from expected values for
healthcare technologies that are distant from a particular
hospital’s capability location on the Rasch continuum.
The outfit statistic is a conventional sum of squared
standardized residual. The infit statistic views variations
from expected values for healthcare technologies that
are relatively near a particular hospital’s capability loca-
tion on the Rasch continuum. The infit statistic is an
information-weighted mean square fit statistic, which
reduces the inordinate impact of outlier responses [31].
Both the outfit and infit statistics, reported in Table 1,
are generally considered to meet the Rasch model re-
quirements when a particular healthcare technology’s
mean-square exhibits a value within a range of 0.5-1.5
[32,33] and is normally distributed (i.e. z-score = ±2 s.d.).
Table 1 Healthcare technology variables by level of difficulty
Healthcare technology variables Difficulty measure SE Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD rpm
Barcode medications 2.19 0.60 0.99 0.2 0.45 -0.2 0.23
Barcode medical charts 1.87 0.53 1.03 0.2 1.17 0 .5 0.17
Electronic medical records (EMR) 0.92 0.36 0 .92 -0.3 0.57 -0.7 0.38
Computerized reminder systems 0.78 0.36 1.12 0.6 0 .95 0 .1 0.26
Electronic nursing notes 0.53 0.34 0.95 -0.2 1.50 1.1 0.34
Computerized order sets 0.42 0.33 0.96 -0.1 0.80 -0.3 0.38
Electronic pharmacy orders 0.42 0.33 0 .98 0.0 0.75 -0.4 0.40
Medical automated recording system (MARS) 0.42 0.33 1.06 0 .4 1.32 0 .8 0.33
Computerized treatment protocols 0.22 0.31 0.95 -0.2 0.90 -0.1 0.41
Computerized physician order entry (CPOE) 0.13 0.30 0.97 -0.1 0 .72 -0.7 0.43
Automated medical administration -0.05 0.29 0.95 -0.2 0.65 -1.0 0.47
Computerized clinical guidelines -0.14 0.29 1.13 0 .9 1.50 1.5 0.32
Computerized education reference tool -0.30 0.28 1.04 0 .3 1.23 0 .8 0.39
Automated medical dispensing devices -0.60 0.27 1.00 0.1 1.18 0 .7 0.45
Picture archive and communication system (PACS) -0.94 0.26 0.90 -0.9 0.75 -1.2 0.57
Diagnostic Imaging -2.06 0.20 1.00 0 .1 1.02 0.2 0.53
Benchmarking -3.80 0.30 1.02 0 .2 1.06 0 .3 0.47
Excluded healthcare technology variables Measure SE Infit MNSQ ZSTD Outfit MNSQ ZSTD rpm
RFID 3.15 1.01 1.03 0.40 1.02 0.70 -0.02
Barcode patients 2.55 0.73 1.05 0.30 0.92 0.40 -0.01
Barcode lab reports -0.13 0.93 1.22 1.30 1.64 1.50 0.20
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remaining healthcare technology variables fell within the
mean square and standard deviation guidelines. As a
result, the preceding healthcare technology variable,
Barcode lab reports, was removed from the analysis in
order to create the final model. When the data corre-
sponds to the expectations of the Rasch model, the
resulting outcomes are considered to be both sample
and scale independent.
The final aspect of this analysis investigates whether
there is another competing explanation for the data a
principal components analysis of the Rasch standardized
residuals. Linacre [29] suggests that one method for
identifying an alternate explanation for the data other
than can be done by considering the magnitude of
explained variance for the Rasch model relative to the
unexplained variance in the 1st contrast, which would
indicate the potential existence of an alternative expla-
nation. Linacre notes that a result with an explained
variance that is greater than 60% with an accompanying
unexplained variance of less than 5% in the 1st contrast
as a model that provides a suitable Rasch explanation of
the data. In the present study, the variance explained bythe Rasch measures was 63.4% while the unexplained
variance in the 1st contrast was 2.1%. Given this result,
The Rasch explanation of the data appears to be the
most relevant explanation.
Along with the validity of the model, an assessment
was made of the model’s reliability. That is, we viewed
whether the healthcare technologies included in the
model were able to produce an internally consistent
measure. From the previous discussion, we were able to
independently measure the reliabilities of healthcare
technologies and hospitals. The Rasch reliability for
hospitals is 0.60, which results in a Cronbach α of 0.70,
and a Rasch reliability for healthcare technologies of
0.93. The reliability of the present Rasch model indi-
cates that it is an internally consistent measure. The
overall results would allow one to conclude that a unidi-
mensional latent trait is present, which will be referred
to as the technological capability within a hospital.
As part of the Rasch analysis, we can compare the
response patterns for the two versions of the question-
naire, English and French. This aspect is called a Diffe-
rential Item Functioning analysis or a DIF analysis. In
this study, there were no differences observed in
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healthcare technologies comprising the independent
variable.
Assessing outcomes
Since the data were found to be consistent with the
Rasch model requirements, two types of outcomes can
be analyzed. The first outcome to be viewed is the diffi-
culty of healthcare technologies themselves. The second
outcome to be examined is the ability of hospitals to
implement healthcare technologies in relation to the
number of quality improvement programs that are being
used. In addition, we will view whether the culture in
the hospital mediates the relationship of the ability to
implement healthcare technologies and the usage of
quality improvement programs.
Since the independent variable was transformed into
interval data in the process of creating the Rasch model,
it would be useful to further examine the healthcare
technologies. Table 1 displays the difficulty of each
healthcare technology. The difficulty measures repre-
sent how hard or how easy a particular healthcare tech-
nology is to implement. Negative scores represent
technologies that are easier to accomplish and positive
scores represent technologies that are more difficult to
accomplish. Thus, Table 1 presents a hierarchy of diffi-
culty among the different healthcare technologies,
where the technologies at the top of Table 1 are more
difficult to accomplish than those at the bottom. Speci-
fically, we will assess the statistical differences among
the various healthcare technologies using a z-score. To
do so, we will use the difficulty measures and their re-
spective standard error scores from Table 1. The z-score
was calculated using the following formula: (Difficulty
Measurea- Difficulty Measureb)/(1.5*(Standard Errora-
Standard Errorb)). If we view the 80
th percentile
healthcare technology (Electronic medical records) and
the 20th percentile healthcare technology (Picture arch-
ive and communication), we observe that a statistically
significant difference in difficulty (z =2.00) exists. This
result identifies that healthcare technologies at the 80th
percentile or higher are statistically more difficult to
accomplish than are healthcare technologies at the 20th
or lower percentile in Canadian hospitals.
Regression analysis
The next aspect of the analysis will examine the ability
of hospitals to implement healthcare technologies with
respect to the number of quality improvement programs
that they employ. In this part of the analysis, we utilize
regression analysis using the Rasch ability score for each
hospital (not reported) and language as a control va-
riable. The regression analysis first viewed the influence
of the control variable to assess whether any differenceswere present within hospitals. Language of the respond-
ent in the organization was not found to have any statis-
tically significant relationship with quality improvement
program usage. The control variable was removed from
further analysis. Next, the technological ability scores for
the hospitals developed by the Rasch analysis were
entered into the regression analysis. The results from
the final model indicate the Rasch technological ability
score is significantly correlated with the number of im-
provement programs adopted, F (1, 94) = 30.47, p < .01.
The r2 = 0.245 indicates that over 24 percent of the total
variance in the number of improvement programs
adopted is explained by the Rasch model ability score.
Mediation analysis
The concluding aspect of the analysis will examine the
mediating role of hospital culture. In order to assess
whether mediation exists a procedure presented by Kenny
et al. [34] was employed. MedGraph-I version 2.0 [35] was
used to assess mediation. A preliminary requirement for
mediation is a statistically significant correlation among
the variables. From Figure 1, one identifies that statistically
significant relationships exist among all of the variables.
To assess if significant mediation is present, we will apply
Sobel’s z statistic. In this study, this statistic is statistically
significant (z = 12.469, p < .001), indicating that a mea-
ningful mediating relationship exists.
After the mediating variable was entered into the ana-
lysis, hospital culture, the association between the ability
to implement healthcare technologies and quality im-
provement program usage remained significant (r = 0.320
p < .01). This result indicates that partial mediation is
present. Partial mediation means that hospital culture
imparts a partial intervention or indirect effect. Thus, the
overall correlation in this study consists of a direct effect
from the ability to implement healthcare technologies on
hospital performance related to quality improvement pro-
gram usage (r = 0.320) and an indirect effect that goes
through the mediating variable (r = 0.175), organizational
culture. The indirect effect in this study accounts for 35%
of the overall relationship in this study. That is, the ability
to implement healthcare technologies accounts for 65% of
quality improvement program adoption or usage and the
hospital culture accounts for 35% of quality improvement
program adoption or usage.
Discussion
Several noteworthy findings arose from this study that is
relevant to Canadian hospitals. First because the Rasch
model was able to be successfully applied to the data in
this study, it signified that an underlying or latent rela-
tionship exists, which is referred to as technological cap-
ability. What creates technological capability? Existing
literature suggests that complementarity may play a role
Standardized coefficient of ability to implement healthcare
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Figure 1 Mediation model.
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ing influence when linked with other technologies [36].
Thus, a hospital that implements greater numbers of tech-
nologies may produce a distinct competence within its oper-
ations [37,38]. Thus, Canadian hospitals that have greater
levels of technological capability were able to more often
successfully implement healthcare technologies within their
hospitals. Other hospitals with less capability were able to
implement fewer technologies within their organizations.
The second finding related to the healthcare technologies
themselves. Specifically, individual healthcare technologies
vary in their level of difficulty for Canadian hospitals, which
essentially formed a hierarchy of difficulty. There was a sta-
tistically significant difference between technologies at the
top of the hierarchy, more difficult, shown in Table 1 relative
to those at the bottom of the hierarchy, less difficult. That is,
Barcode medications and Barcode medical charts as well as
Electronic medical records were more difficult to implement
than benchmarking, diagnostic imaging and picture archive
and communication. What does this mean from a practical
perspective? Assume a hospital has been able to accomplish
these 3 lowest healthcare technologies. Let us further as-
sume that the hospital next wants to implement a comput-
erized physician order entry system (CPOE) into its
operations. Since the difficulty measure in Table 1 now
represents a true interval scale, it can be interpreted just
like we would use an ordinary ruler. Since CPOE is 1 unitaway from what the hospital has already accomplished,
undertaking the implementation of a CPOE system would
be twice as difficult as what it has already accomplished. If
they chose to implement an electronic medical records
system (EMR) it would be almost three times as difficult
to accomplish because it is almost 2 units away from pic-
ture archive and communication, which it has already
accomplished.
The third finding in this study is that a statistically
significant relationship exists between a hospital’s techno-
logical capability and the number of quality improvement
programs that it utilizes. The current study identifies that
technological capability is a cumulative relationship be-
cause the Rasch model is cumulative in nature. This fin-
ding is consistent with the general management literature,
which suggests that implementation of technologies may
both be influenced by cumulative learning, expert know-
ledge, and unique insights that may lead to their successful
adoption within organizations [39-41]. There may be cer-
tain knowledge based competencies relating to implemen-
tation that are created as a hospital increases its capability.
The cumulative learning may be a function of expert
knowledge developed by a hospital for overcoming obsta-
cles, specific hospital processes or organizational struc-
tures. This particular finding implies that there may be a
common factor influencing the implementation of technol-
ogy as well as quality improvement programs.
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pital. The term culture has been used in several ways in the
healthcare literature. In this particular study, culture relates
to a more all-encompassing description of factors affecting
how a hospital operates or its overall performance. The
previous discussion highlighted technological capability as
being associated with increasing quality improvement pro-
gram usage. However the culture within a hospital was
also associated with increasing quality improvement pro-
gram usage. This result implies that something exists in
the culture separate from cumulative learning of techno-
logical capability. For example, a greater emphasis on inte-
grating safety in hospital processes and structure or the
use of cross-functional teams throughout a hospital may
influence quality improvement program adoptions.
Research limitations
This study has several significant limitations. First this
study was based upon the responses of hospitals located
in Canada, which exist largely as not-for-profit organi-
zations. As a result, the current findings may not be
applicable to all types of hospitals. Second, while we be-
lieve that our sample was representative of Canadian
hospitals, it may have contained respondent bias. Bias
was examined from several different perspectives. No
significant differences were observed: 1) in response
patterns between the first and second mailings and 2)
between English and French versions of the question-
naire. Third, Like van Lent et al. [42] and Yasin et al.
[43], we ultimately sent the questionnaire to only one
individual in a hospital. Using this method can lead to
single-source measurement bias. Based on the ethics
reviews boards, we believe that respondents selected had
the appropriate expertise on healthcare technologies,
quality improvement programs and knowledge of the
operational activities in their particular hospital setting.
Fourth, there may be limitations in the data itself. The
healthcare technologies and quality improvement pro-
grams included in this analysis may have excluded some
noteworthy technologies or programs. In addition, the
questionnaire did not observe how widely healthcare
technologies or quality improvement programs were dis-
persed throughout a hospital only whether a hospital
employed a particular technology or program. Finally,
the research design in this study used a cross-sectional
analysis, which is principally descriptive in nature.
Conclusions
Although there have been a variety of articles about the
efficacy of different healthcare technologies, there have
been few studies that have viewed a broad range of
healthcare technologies [44]. Rather most research focuses
on only one or two technologies. As a consequence, many
healthcare professionals are left wondering about the bestchoices within a resource constrained environment. The
precision of any results or conclusions are limited by how
good the measuring stick is. In this study, we are able to
develop a measuring stick that concurrently allows the
comparison of multiple healthcare technologies. While
the findings of this study are useful, they present only a
starting point for hospital decision making. An equally
important activity involves identifying the capability level
of a particular hospital because it is a crucial factor in
determining the necessary level of resources in order to
select and implement a specific healthcare technology.
Finally, further research should be undertaken to better
understand the common processes that underlie the cap-
ability for implementing healthcare technologies and the
adoption of quality improvement programs.
Appendix A
The questionnaire used in the study gathered three types
of hospital organization data. One part gathered data on
the usage of 20 healthcare technologies, which served as
the independent variable. A second part gathered data on
the usage of 16 quality improvement programs, which
served as the dependent variable. The third part consisted
of 63 hospital organization culture questions, which served
as the mediating variable.
The 20 healthcare technologies investigated in this
study were: Automated Medical Administration, Auto-
mated Medicine Dispensing Devices, Barcode-Charts,
Barcode-Lab Reports, Barcode-Medication, Barcode-Pa-
tients, Benchmarking, Computerized Clinical Guidelines,
Computerized Education Reference Tool, Computerized
Physician Order Entry (CPOE), Computerized Order Sets,
Computerized Reminder Systems, Computerized Treat-
ment Protocols, Diagnostic Imaging, Electronic Medical
Records (EMR), Electronic Nursing Notes, Electronic
Pharmacy Orders, Medical Automated Recording System
(MARS), Picture Archive and Communication System
(PACS), RFID. The number of healthcare technologies
implemented in the responding organizations ranged
from 0 to 12 different technologies with the median num-
ber being 3 healthcare technologies.
The 16 quality improvement programs considered in
this study were: Balanced Scorecard, Cross-functional
Teams, Customer Relationship Management, Employee
Recognition Programs, Employee Suggestion system,
Internal Quality Award Program, ISO/TS certified, Lean
Organization, Pay Bonus Plans, Safer Healthcare Cam-
paign, Six Sigma, Statistical Process Control (SPC),
Supplier or other external awards, Supply Chain Man-
agement, Team Quality Award, Voice of the Customer.
The number of quality improvement programs im-
plemented in the responding organizations ranged from
0 to 12 different programs with the median number of
quality improvement program adoptions being 3.
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was created by summating items from an organization
culture scale that was validated in an earlier study [19].
The response format of the organization culture scale is a
5-point Likert-type of scale (1 = never true to 5 = always
true). The questions defining culture in hospitals that were
validated in an earlier study had a Cronbach α of 0.94 in
the current study of Canadian hospitals.
Items in the organizational culture questionnaire were
generated, tested and validated according to a rigorous
process. The initial item pool was created with several
groups of individuals who were familiar with the MBNQA
criteria. Specifically, items were generated according to
the core values as proposed in MBNQA criteria [45,46].
The initial version of the questionnaire was pretested on
MBA students. A refined questionnaire was further vali-
dated on a group of award winning organizations from the
Illinois state quality award program, the Lincoln Award.
Award winning organizations were made up of several
economic sectors including healthcare organizations,
manufacturing organizations, service organizations,
small business organizations, education organizations
and not-for-profit organizations. From an initial 63
item scale 57 items were selected based on RMA as
representing organizational culture in hospitals. The
complete questionnaire development process is de-
scribed in an earlier study [19].
The items on organizational culture within the ques-
tionnaire included the following set of questions:
1. Our leaders set clear expectations for their
employees.
2. Our leaders encourage employees to contribute to
the organization.
3. Our leaders develop strategies with a customer or
patient focus.
4. Our leaders inspire employees.
5. Our leaders make decisions based upon actual
results.
6. Our leaders encourage employees to be innovative.
7. My organization provides employees with
opportunities for personal learning through
education, training, and other means for continuing
growth.
8. My organization strives to improve our products
or services.
9. My organization emphasizes the sharing of
knowledge throughout the organization.
10. My organization provides training based upon
organizational needs and priorities.
11. My organization resolves complaints by “making
things right” for our customers or patients.
12. My organization uses flexible work practices based
upon both workplace and home life needs.13. My organization goes beyond simply meeting local,
state and federal laws and regulatory requirements.
14. My organization is concerned with employee
satisfaction and well-being.
15. My organization provides employees with
recognition beyond just traditional compensation.
16. My organization bases pay upon an individual’s
knowledge and skills.
17. My organization provides opportunities for the
personal development of its staff.
18. My organization utilizes measures that provide
useful results.
19. My organization focuses on reducing the time it
takes to get a product or service to a customer or
patient.
20. My organization empowers its employees.
21. My organization identifies new ways to improve
our performance.
22. My organization integrates its strategic objectives
throughout the organization.
23. My organization has a strong future orientation.
24. My organization participates in benchmarking
programs that compare our practices and perfor
mances with other organizations.
25. My organization focuses on managed levels of
growth.
26. My organization collects information so that
decisions can be made
27. Performance in my organization focuses
on innovation that leads to improvements in our
products, services, and operations.
28. Performance in my organization focuses on
reducing time in order to enhance quality or cost.
29. Performance in my organization focuses on using
measures that “lead” actual performance so that
changes can be made to our operations before
adverse impacts become visible.
30. Performance in my organization focuses on
utilizing competitive comparisons to improve our
operations.
31. Performance in my organization focuses on market
share growth.
32. Performance in my organization focuses on
anticipating changes in the market.
33. Performance in my organization focuses
on allocating resources based upon changes in
competition or technology.
34. Performance in my organization focuses on
differentiating our products and services from our
competition.
35. Performance in my organization focuses on making
changes in our operations based upon our learning.
36. Performance in my organization focuses on trying
to balance the needs of our stakeholders
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37. Performance in my organization focuses on
developing external partnerships with customers,
patients or suppliers.
38. Performance in my organization focuses
on improving existing measures to better meet
organizational goals.
39. Performance in my organization focuses
on involving non-managerial and non-supervisory
workers in regularly scheduled meetings to discuss
work-related problems such as working conditions,
health and safety, technology and improving specific
tasks.
40. Operating concerns in my organization
emphasize developing an awareness of technology
and competitor offerings.
41. Operating concerns in my organization emphasize
the capacity for rapid change and flexibility.
42. Operating concerns in my organization emphasize
internal partnering.
43. Operating concerns in my organization emphasize
the conservation of environmental resources and
waste reduction.
44. Operating concerns in my organization emphasize
anticipating the adverse environmental or social
impacts of our operations.
45. Operating concerns in my organization emphasize
incorporating “best practices” into our operations.
46. Operating concerns in my organization emphasize
activities that focus on improving the organization
as a whole.
47. Operating concerns in my organization emphasize
actively makes information available to the public
on organizational ethics, public health, safety and
the environment.
48. Operating concerns in my organization emphasize
creating partnerships with other organizations
on issues relating to public responsibility and
citizenship.
49. Operating concerns in my organization emphasize
measuring key organizational processes.
50. Operating concerns in my organization emphasize
aligning our resources for faster response to our
customers or patients.
51. Operating concerns in my organization emphasize
aligning strategies with our organizational needs.
52. Operating concerns in my organization emphasize
innovation that builds upon existing knowledge.
53. Operating conc erns in my organization
emphasize developing a long-term commitment
to our stakeholders (i.e. customers,
patients, employees, suppliers, the public
and the community).54. Operating concerns in my organization emphasize
customer or patient satisfaction and retention.
55. Operating concerns in my organization emphasize
eliminating adverse impacts on our stakeholders
(i.e. customers, patients, employees, suppliers, the
public and the community).
56. Operating concerns in my organization emphasize
removing obstacles to improvements.
57. Operating concerns in my organization emphasize
ethical behavior in all stakeholder relations.
Appendix B
The data were initially analyzed using Rasch Model Ana-
lysis (RMA), which was developed by Georg Rasch [23]
for analyzing dichotomous data. It should be noted that
the Rasch model is a prespecified model, which exists as
a unidimensional, linear measure. Specifically, the ana-
lysis in this study views whether the data are consistent
with the Rasch requirements.
RMA attempts to identify underlying factors that
cannot be measured directly from other observable vari-
ables. Thus, the independent variable in this analysis is
latent rather than an observed variable [24]. It does so
by utilizing two basic parameters, which are referred to
as the difficulty, δ, and the ability, β, components. The
most familiar version of the model is depicted by the
following equation:
p ¼ exp β–δð Þ= 1þ exp β–δð Þ½ 
For the present study, it is proposed that a healthcare
technology’s difficulty, δ, and a hospital’s ability to im-
plement a healthcare technology, β, can be located along
the same latent dimension or variable. One would ex-
pect that healthcare technologies would present diffe-
ring degrees of effort for hospitals trying to implement
these technologies, where more complex or difficult
technologies are accomplished less frequently. Likewise,
one would expect that hospitals have differing capacities
in being able to adopt or implement various healthcare
technologies, where more capable hospitals are able to
implement greater number of numbers of technologies
within their hospitals. In this study, RMA uses the diffi-
culty parameter, δ, to locate healthcare technologies
along a continuum of technological capability while
conjointly locating hospitals based on their ability to im-
plement healthcare technologies, β, along the same
continuum.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
RKT contributed in terms of the conception and design of the study, the
coordination and acquisition of data, analysis of data, manuscript draft, and
revision. LC contributed in terms of the conception and design of the study,
manuscript draft, and revision. JO contributed in terms of the conception
Tyagi et al. BMC Health Services Research 2013, 13:413 Page 10 of 11
http://www.biomedcentral.com/1472-6963/13/413and design of the study, analysis of data, manuscript draft, and revision. JB
contributed in terms of the conception and design of the study, analysis and
interpretation of data, manuscript draft, and revision. All authors read and
approved the final manuscript.
Acknowledgements
This study received internal funding at HEC Montréal and was conducted
with partial support from the Driehaus College of Business at DePaul
University. We wish to acknowledge the following members of this project:
Cecilia Donayre and Selma Lamara-Mahamed for their help in data collection
phase. We wish to thank all of the hospital employees and managers for
taking their time to share their knowledge and experiences with us. We wish
to thank the reviewers for their helpful comments on our manuscript.
Author details
1Department of Logistics and Operations Management, HEC Montréal, 3000,
Chemin de la Côte-Sainte-Catherine, Montréal, Québec H3T 2A7, Canada.
2Department of Management, DePaul University, 1 East Jackson Blvd,
Chicago, IL 60604, USA. 3Operations and Supply Chain Management,
University of St. Thomas, 2115 Summit Ave, St Paul, MN 55115, USA.
Received: 13 October 2012 Accepted: 9 October 2013
Published: 13 October 2013
References
1. Organisation for Economic Co-operation and Development (OECD: OECD
health data 2012; 2012. http://www.oecd.org/health/healthpoliciesanddata/
oecdhealthdata2012.htm.
2. Eisen B, Björnberg A: Euro-Canada Health Consumer Index. Winnipeg:
Frontier Centre for Public Policy; 2010.
3. Snowdon A, Shell J, Leitch K: Innovation Takes Leadership: Opportunities and
Challenges for Canada's Health Care System. Toronto: Ivey School; 2010.
4. Blendon RJ, Schoen C, DesRoches CM, Osborn R, Zapert K, Raleigh E:
Confronting competing demands to improve quality: a five-country
hospital survey. Health Aff 2004, 23(3):119–135.
5. Bobinski MA: The health insurance debate in Canada: lessons for the
United States. Conn Ins L J 2007, 14(2):341–375.
6. Baker GR, Norton PG, Flintoft V, Blais R, Brown A, Cox J, Etchells E, Ghali WA,
Hébert P, Majumdar SR, O’Beirne M, Palacios-Derflingher L, Reid RJ, Sheps S,
Tamblyn R: The Canadian adverse events study: the incidence of adverse
events among hospital patients in Canada. Can Med Assoc J (CMAJ) 2004,
170(11):1678–1686.
7. Morgan MW: In pursuit of a safe Canadian healthcare system. HlthcPapers
2004, 5(3):10–26.
8. Adler PS, Kwon SW, Riley P, Signer J, Lee B, Satrasala R: Performance
improvement capability: keys to accelerating performance improvement
in hospitals. Calif Manage Rev 2003, 45(2):12–33.
9. Upperman JS, Staley P, Friend K, Neches W, Kazimer D, Benes J, Wiener ES:
The impact of hospital wide computerized physician order entry on
medical errors in a pediatric hospital. J Pediatr Surg 2005, 40(1):57–59.
10. Kaushal R, Shojania KG, Bates DW: Effects of computerized physician order
entry and clinical decision support systems on medication safety: a
systematic review. Arch Intern Med 2003, 163:1409–1416.
11. Olson JR, Belohlav JA, Cook LS: A Rasch model analysis of technology
usage in Minnesota hospitals. Int J Med Inform 2012, 81(8):527–538.
12. Shortell SM, O’Brien JL, Carman JM, Foster RW, Hughes EFX, Boerstler H,
O’Connor EJ: Assessing the impact of continuous quality
improvement/total quality management: concept versus
implementation. Health Serv Res 1995, 30(2):377–401.
13. van den Heuvel J, Bogers AJ, Does RJ, van Dijk SL, Berg M: Quality
management: does it pay off? Qual Manage Health Care 2006,
15(3):137–149.
14. Taner MT, Sezen B: An application of six sigma methodology to turnover
intentions in health care. Int J Health Care Qual Assur 2009, 22(3):252–265.
15. Mazzocato P, Holden RJ, Brommels M, Aronsson H, Bäckman U, Elg M,
Thor J: How does lean work in emergency care? a case study of a
lean-inspired intervention at the Astrid Lindgren children's hospital,
Stockholm, Sweden. BMC Health Serv Res 2012, 12:28–40.
16. Olson JR, Belohlav JA, Cook LS, Hays JM: Examining quality
improvement programs: the case of Minnesota hospitals. Health Serv
Res 2008, 43(5p2):1781–1786.17. Khatri N, Halbesleben JRB, Petroski GF, Meyer W: Relationship
between management philosophy and clinical outcomes.
Health Care Manage R 2007, 32(2):128–139.
18. Stock GN, McFadden KL, Gowen CR III: Organizational culture, critical
success factors, and the reduction of hospital errors. Int J Prod Econ
2007, 106(2):368–392.
19. Belohlav JA, Cook LS, Olson JR, Drehmer DE: Core values in hospitals:
a comparative study. Qual Manage J 2010, 7(4):36–50.
20. Lok P, Rhodes J, Westwood B: The mediating role of organizational
subcultures in health care organizations. J Health Manage Organ 2011,
25(5):506–525.
21. van Dyck C, Frese M, Baer M, Sonnentag S: Organizational error
management culture and its impact on performance: a two-study
replication. J Appl Psychol 2005, 90(6):1228–1240.
22. Lin HE, McDonough EF III: Investigating the role of leadership and
organizational culture in fostering innovation ambidexterity. IEEE T
Eng Manage 2011, 58(3):497–509.
23. Rasch G: Probabilistic Models for Intelligence and Attainment Tests.
Chicago, IL: University of Chicago Press; 1980/1960.
24. Borsboom DG, Mellenbergh J, Japp VH: The theoretical status of latent
variables. Psychol Rev 2003, 110(2):203–219.
25. Bond TG, Fox CM: Applying the Rasch Model: Fundamental
Measurement in the Human Sciences. Mahwah, NJ: Lawrence Erlbaum
Associates; 2007.
26. Wright BD, Linacre JM: Rasch model derived from objectivity. Rasch Meas
T 1987, 1(1):5–6.
27. Drehmer DE, Belohlav JA, Coye RC: An exploration of employee
participation using a scaling approach. Group Organ Manage 2000,
25(4):397–418.
28. 2Andrich D: Rasch Models for Measurement. Newbury Park, CA: Sage
Publications; 1988.
29. Linacre LM: Winsteps. winsteps.com. ; 2006.
30. Linacre LM: Detecting multidimensionality: which residual data-type
works best? J Out Meas 1998, 2(3):266–283.
31. Wright BD, Masters GN: Rating Scale Analysis. Chicago, IL: MESA Press; 1982.
32. Linacre LM: What do infit and outfit, mean-square and standardized
mean? Rasch Meas T 2002, 16(2):878.
33. Linacre LM: Size vs. significance: standardized chi-square fit statistic.
Rasch Meas T 2003, 17(1):918.
34. Kenny DA, Kashy DA, Bolger N: Data analysis in social psychology.
In The handbook of social psychology, Volume 2. 4th edition.
Edited by Gilbert D, Fiske S, Lindzey G. Boston, MA: McGraw-Hill;
1998:233–265.
35. Jose PE: MedGraph-I: A programme to graphically depict mediation among
three variables: The internet version, version 2.0. Wellington, NZ: Victoria
Univesity of Wellington; 2003. http://www.victoria.ac.nz/staff/paul-jose-files/
medgraph/medgraph.php.
36. Zhu K: The complementarity of information technology infrastructure
and E-commerce capability: a resource-based assessment of their
business value. J Manage Inform Syst 2004, 21(1):167–202.
37. Zollo M, Winter SG: Deliberate learning and the evolution of dynamic
capabilities. Organ Sci 2002, 13(3):339–351.
38. Winter SG: Understanding dynamic capabilities. Strateg Manage J 2003,
24(10):991–995.
39. Cohen WM, Levinthal DA: Absorptive capacity: a new perspective on
learning and innovation. Admin Sci Quart 1990, 35(1):128–152.
40. Dierickx I, Cool K: Asset stock accumulation and sustainability of
competitive advantage. Manage Sci 1989, 35(12):1504–1514.
41. Lieberman MB, Montgomery DB: First-mover advantages. Strateg Manage J
1998, 9:41–58.
42. van Lent WAM, Sanders EM, van Harten WH: Exploring improvements
in patient logistics in Dutch hospitals with a survey. BMC Health Serv
Res 2012, 12:232.
43. Yasin MM, Zimmerer LW, Miller P, Zimmerer TW: An empirical
investigation of the effectiveness of contemporary managerial
philosophies in a hospital operational setting. Int J Health Care
Qual Assur Inc Leadersh Health Serv 2002, 15(6):268–276.
44. Chaudhry B, Wang J, Wu S, Maglione M, Mojica W, Roth E,
Morton SC, Shekelle PG: Systematic review: impact of health
information technology on quality, efficiency, and costs of medical
care. Ann Intern Med 2006, 144:E12–E22.
Tyagi et al. BMC Health Services Research 2013, 13:413 Page 11 of 11
http://www.biomedcentral.com/1472-6963/13/41345. Baldrige National Quality Program: Health care criteria for performance
excellence. Gaithersburg, MD: National Institute of Standards and
Technology; 2009-2010.
46. Baldrige National Quality Program: Health care criteria for performance
excellence. Gaithersburg, MD: National Institute of Standards and
Technology; 2007-2008.
doi:10.1186/1472-6963-13-413
Cite this article as: Tyagi et al.: Healthcare technologies, quality
improvement programs and hospital organizational culture in Canadian
hospitals. BMC Health Services Research 2013 13:413.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
